FILE COPY |
NO. 6

NACA TN 1980

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 1980

EFFECT OF FOREBODY WARP AND INCREASE IN AFTERBODY LENGTH
ON THE HYDRODYNAMIC QUALITIES OF A FLYING-BOAT
HULL OF HIGH LENGTH-BEAM RATIO
By Walter J. Kapryan

Langley Aeronautical Laboratory
Langley Air Force Base, Va.

THiS DOCUMENT ON LOAN FROM THE FILES oF

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY AERONAUTICAL LABORATORY
LANGLEY FIELD, HAMPTON, VIRGinIA

RETURN TO THE ABOVE Founess k
e LTIV IR T
REQUESTS FOR PUBLICATIONS SHGUD B
Al G OULD BE ADDRESSED
AS FOLLCYS: '

NATIONAL ADVISORY COMiiTTE: & .
) GHTHERE ¥ {'OR P
1724 + STREET, N, AeRonAUmeSVashington

WASHINGTON 25, D.C, November 1949




NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE 1980

. EFFECT OF FOREBODY WARP AND INCREASE IN AFTERBODY LENGTH
ON THE HYDRODYNAMIC QUAIJTIES OF A FLYING-BOAT
HULL OF HIGH LENGTH-BEAM RATIO

By Walter J. Kapryan
SUMMARY

In an attempt to achieve improved hydrodynamic qualities for
flying boats, an investigation was made to determine the combined
effect of a warped forebody and extended afterbody on the hydrodynamic
characteristics of a hull having a basic length-besam ratio of 15. Each
of these modifications has been found to result in Improvements in
hydrodynemic qualities and their combined effect 1s therefore of
Interest.

The stable range of trims available for take-off was increased by
warping the forebody and extending the afterbody. For take-off at
constant elevator deflection, the range of center-of-gravity positions
for satisfactory take-off stabllity was increased. The smooth-water
landing stabllity remained satisfactory. Spray characteristics were
improved, no spray entering the propellers or striking the flaps at the
design gross load. Definite improvements in rough-water landing
‘behavior were obtained with the combination of warped forebody and
extended afterbody. For landings in waves U4 feet high, the impact
accelerations were reduced more than 50 percent. The maximum amplitudes
of oscillation in trim end rise occurring during the landing run-out -
were also substantially decreased. In general, the changes in hydro-
dynamic characteristics effected by combining these modifications were
in the direction that would be predicted on the basis of results
obtained for the individual modifications. Although the effects were
not directly additive, they were cumulative and changes in opposite
directions were compensating. '

INTRODUCTION

Recent towing-tank investigations of flying-boat hulls having’high
length-beam ratios included the effect of forebody warp and the effect
of afterbody length on hydrodynamic characteristics. These
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modifications produced improvements in the over-all hydrodynamic charac-
teristice of a hull having a basic length-beam ratio of 15. Warping
the forebody reduced the bow spray and reduced the vertical accelera-
tions encountered during landings in waves. See reference 1.
Extending the afterbody increased the spray in the propellers but
reduced the spray at the horizontal tail and reduced the vertical and
angular accelerations during landings in waves. See reference 2.

These results indicated that further improvement might be achieved in a
single configuration incorporating both the warped forebody and the
extended afterbody. The hydrodynemic characteristics of such a hull
configuration were accordingly investigated to determine the extent of
the 1mprovement to be expected ag a result of the cambination. These
characteristics were determined by the same procedures used in the
investigations described in references 1 and 2 and are compared

with those of the basic hull (references 3 and 4).

The model was assumed to be a i%—siZe powered dynamic model of a

twin-engine propeller-driven flying boat having a design gross weight
of 75,000 pounds, a gross load coefficient of 5.88, a wing loading

of 41 pounds per square foot, and a power loading for take-off

of 11.5 pounds per brake horsepower. The hull, which was one of the
length-beam-ratio series under investigation at Langley tank no. 1,

had & basic ratio of 15. The hydrodynamic characteristics of the basic
hull are described in references 3 and 4, and its aerodynamic character-
istics are described in reference 5.

SYMBOLS
g acceleration due to gravity (32.2) feet per second per second
Ny vertical acceleration, g units
a angular acceleration, radians per second per second
v carriage speed (approx. 95 percenﬁ of airspsed), feet per second
Vi ginking speed, feet per second
7 flight-path angle, degrees
O elevator deflection, degrees
T trim (angle between forebody keel at step and horizontal),

degrees

1, landing trim, degrees
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DESCRIPTION OF MODEL

The model with the basic lengbth-beam ratio of 15 was described in
references 3 and 5. The general arrsngement of the flying boat with
the warped forebody and extended afterbody (Langley tenk model 22LJ)
is shown in figure 1. Hull lines of the model are presented in
figure 2. The forebody of this model was modified by progressively
increasing the dead rise from the step forward in the menner described
in reference 1, thereby eliminating the customary stralght buttocks on
the forebody planing bottom Just forward of the step. The afterbody
length was increased from 6.37 to 9.24 beams as described in refer-
ence 2, the angle of afterbody keel remaining the same. The depth of
step of 24 percent of the beam was the same as that used for tests of
the basic model with the extended afterbody. The wing and tail were
the same ag those used in the tests of the hull having a basic lengbth-
beam ratio of 15.

APPARATUS AND PROCEDURES

The description of Langley tank no. 1 is presented in reference 6.
The setup of the model and towing gear 1s shown in figure 3. The
apparatus and procedures were identical to those described in refer-
ence 2. In all tests the model was free in trim and rise but restrained
in roll and yaw.

The hydrodynamic qualities determined were the trim limits of
stability, the range of center-of-gravity positiong for satisfactory
take-of T stability, smooth-water landing stability, bow-spray character-
istics during take-off, tall-spray characteristics- during landings,
propeller-spray characteristics while taxying in waves, and impsact
accelerations and landing behavior in rough water.

The hydrodynamic qualities were all determined at a design gross
load corresponding to 75,000 pounds except for the spray investigation
in which gross loads from 75,000 to 95,000 pounds were included. The
flaps were deflected 20° for all the hydrodynamic tests. With the
. exception of the landing tests, the hydrodynamic qualities were deter-

-mined with full thrust. The landings in smooth water were made with
approximately half thrust. In rough water the thrust was set so that
the model was self-propelled during most of the landing run-out.
Landing and spray tests were made with the center of gravity at 32 per-
cent mean aerodynamic chord. The results have been converted to full-
gize units and all data with the exception of table I are presented as
full-size values. '
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RESULTS AND DISCUSSION

Longitudinal Stability

Trim limits of stebility.- The trim limits of stability for the

configuration with the warped forebody and extended afterbody are pre-
sented in figure 4, together with those for the basic hull. The
.differences in the trim limits for the modifled and basic hulls are
consistent with those expected on the basis of previous investigations
of forebody and afterbody modifications as described in references 1
and 2, respectively. The peak of the lower limit for the modified hull
was lower than that of the basic hull. This change is similar to that
obtained for the model with an extended afterbody and is in agreement
with trends noted in investigations of other models (reference 7).
Warping the forebody resulted in a shift of the entire lower trim limit
to lower speeds so that, for most speeds beyond the hump, the lower
limit was about 2° below that of the basic hull. Since lower-limit
porpoising is principally a forebody phenomenon, extending the after-
body would not be expected to affect this limit except near hump speeds.
Both branches of the upper trim limit were lowered approximately 1° at
high speeds. The upper-limit porpoising, being affected principally
by the afterbody, is not greatly influenced by the presence of the
warped forebody and, consequently, the behavior of the model with the
warped forebody and the extended afterbody was similar to that of the
model with the extended afterbody alone. The available aerodynamic
trimming moment was not great enough to trim the model to the upper
limit at speeds below 64 miles per hour, principally because of the
presence of the long afterbody. The stable range of trims was there-
fore substantially increased throughout the entire speed range up to
take~-off by combining the warped forebody with the extended afterbody.

Center-of -gravity limits of stabllity.- Representative trim tracks

for take-off at several positions of the center of gravity and elevator
deflections are presented in figure 5 for the modified and basic hulls.
From such trim tracks, a plot of maximum amplitude of porpoising
against center-of -gravity position was obtained. The maximum amplitude
of porpoising is defined as the difference between the maximum and
minimm trims that occurred during the greatest trim cycle. The maximum
amplitudes of porpoising for the modified hull are plotted in figure 6
and compared in figure 7 with those for the basic hull. The position
of the center of gravity at which lower-limit porpoising first appeared
was shifted slightly aft for the modified hull. (See fig. 7(a).) Once
lower=-1imit porpoising was encountered, the increase in amplitude with
forward movement of the center of gravity was less for the modified
hull than for the bagic hull. This behavior is similar to that noted
for the model with the extended afterbody, reference 2, and is
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attributed to the increased damping of the oscillations in trim with
the extended afterbody. At after positions of the center of gravity,
the maximum amplitude of upper-limit porpoising for the modified hull
was less than 2°. This reduction in the maximum amplitude was also
attributed to the effectiveness of the extended afterbody in damping
the oscillation in trim.

The practical center-of-gravity limit for a given elevator deflec-
tion is usually defined as that position of the cenbter of gravity at
vhich the amplitude of porpoising becomes 2°. Such a plot is presented
in figure 8. Since the amplitude of upper-limit porpoising of the
modified hull did not reach 2°, there is no after limit for this hull.
Absence of the after limit is consistent with the results obtained with
the extended afterbody (reference 2). This similarity of results would
be expected inasmuch as the afterbody has & mejJor influence on upper-
1imit porpoising which occurs at the after center-of-gravity limit.

The forward limit of the modified hull was subgtantlally the same as
that of ths basic hull, since the shift of the lower trim limit of
stability to lower trims was accompanied by & compensating shift of the
free-to-trim tracks to lower trims. Because of the elimination of the
after 1imit, the take-off stability characteristics were improved by
warping the forebody and extending the afterbody.

Landing Stability

Typical time histories of smooth-water landings made with the
modified and basic hulls are presented In figure 9. These and similar
time histories were used to determine the maximum amplitudes of
oscillation in trim and rise of the center of gravity, which are plotted
in figure 10.

The step was sufficiently deep to prevent skipping of both models
at all the contact trims investigated, skipping being defined as the
complete emergence of the hull from the water. The maximum trim
amplitudes were comparable up to landing trims of lO°, except that the
cycles of oscillation of the modified hull occurred at lower trims.
Above 10°, the basic hull encountered greater oscillations. During
gome -landings the modified hull encountered lower-limit porpoising
during the run-out after being initially stable, see figure 9(c). This
porpoising, which is similar to that noted in reference 2 for the model
with the extended afterbody, did not start until the speed decreased to
approximately 75 percent of landing speed and would be avoidable
through proper control of the elevators. The maximum rise amplitudes
were comparable to those of the basic model. The Iincreased amplitudes
of trim and rise and the lower-limit porpoising for the model with the
extended afterbody (reference 2) apparently were partly compensated by
the beneficial effect of warped forebody (reference 1). In general,



6 NACA TN 1980

the smooth-water landing characterlstics.of the modified hull were
congidered satisfactory.

Spray Characteristics

A plot of gross load against the speed range over which spray
entered the propellers and struck the flaps is presented in figure 11.
The modified hull encountered no propeller spray at the design gross
load of 75,000 pounds. (See fig. 12.) Observations indicate that
_ propeller spray comparable to that of the basic hull at design gross
load was approximated at a gross load of 85,000 pounds (fig. 13) which-
represents an overload of approximately 11 percent. No flap spray was
encountered at design gross load and no heavy flap spray was encountered
by the modified hull at any load investigated. This improvement in
sprey characteristics was attributed to the effectiveness of the warped
forebody in reducing the height of the bow blister even though the trims
were lower. Photographs showlng the maximum flap spray at design gross
load for both models are presented in figure 1h.

Photographs of heaviest spray striking the horizontal vwaill surfaces
during landings are shown in figure 15. Spray on the horizontal tail
was conslderably lessened with the extended afterbody.

The spray diagram obtained during taxying tests in waves 2 feet
high and 110 feet long is presented in figure 16. This spray was fairly
heavy but occurred over a smaller range of speed and load than for the
basic hull. The net effect of combining the warped forebody with the
extended afterbody was a definite improvement in all spray character-
istics.

Landings in Waves

The rough-water landings were made in oncoming waves 4 feet high
varying in length from 130 to 360 feet. Pertinent data obtained from
records of these landings are presented in table I.

The maximum vertical and angular accelerations are plotted against
wave lengbth in figure 17. The maximum vertical acceleration of hg
encountered by the modified hull was approximately 55 percent lower
than the maximum encountered by the basic hull and approximately 30 per-
cent lower than the maximum obtained during tests of configurations
Incorporating either the warped forebody or extended afterbody modifica-
tions alone (references 1 and 2). The maximum positive angular
accelerations for the modified hull were 59 percent less than those of
the basic hull, 19 percent less than those of the warped forebody alone,
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and 39 percent less thean those of the extended afterbody alone. The
maximum negative angular accelerations remained relatively unchanged.

The maximum and minimum values of trim and rise at the greatest
cycle of oscillation during each landing are plotted against wave length
in figure 18. The maximum emplitudes of oscillation in trim of the
modified hull were approximately 25 percent lower. than those of the
basic hull and of the warped-forebody configuration, and were substan-
tially the same as those of the extended-afterbody copfiguration. The
modified hull reduced the maximum smplitudes of oscillation in rise of
the basic hull and of the warped-forebody configuration by approxi-
mately 20 percent, and increased those of the extended-afterbody con-
figuration by approximately the same percentage.

Summary Chart

The hydrodynamic qualitles in smooth water of the flying boat with
a high-lengbth-beam-ratio hull having a warped forebody and an extended
afterbody are summerized in figure 19. This chart gives an over-all
picture of the hydrodynamic characteristics in terms of full-scale
operational parasmeters. It is therefore useful for comparisons with
gimilar data regarding other seaplanes for which operating experience
is available.

CONCILUSIONS
The effects of combining a warped forebody and an extended after-

body on a hull having a high length-beam ratio are as follows:

1. The stable range of trims available for take-off was substan-
tially increased throughout the entire speed range to take-off.

2. The center-of-gravity limits of stability were improved, chiefly
by the elimination of & practical after limit.

3. The smooth-water landing stability characteristics were sapproxi-
mately the seme as those for the basic hull.

k. Spray characteristics were considerably improved; there was no
propeller or flap spray at design gross load. Tall spray encountered
during landings was considerably reduced.
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5. Rough-water landing behavior was improved; reductions in the
maximm impact acceleration of greater than 50 percent and in the ‘
maximm angular acceleration of approximately 60 percent were obtained
ag compared with those for the basic model.

6. During landings in waves the maximum emplitudes of oscillation
in trim and rise attained during the high- speed portion of the run-out
were reduced.

T. In general, the effect of the combination of the hull modifica-
tions (warped forebody and extended afterbody) on hydrodynamic charac-
teristics was in the direction expected on the basis of the cumulative
effect of the separate modifications.

JTangley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va., March 9, 1949
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TABLE I

DATA OBTAINED DURING LANﬁINGS IN WAVES OF LANGLEY TANK MODEL 22hJ

Eul values are model size;

wave height = O.% foot for all landings]

Wave Initial impact . Maximum acceleration -
Landing|length] %y Yy v Ry |/radians It t] * Yy v Y | % |fradians
(rv) (deg)| (fps) |(fps) |(deg) | (g) sec? mpac (deg) | (fps) |(fps)|(deg)| (g) ( sec
1 13.4 ] 7.4 ] 1.08] 35.6] 1.7 | 2.6 9 L 9.0 | 2.10] 30.6] 3.9 ] 21
2 13.6 | 7.6 | 1.00] 3502| 207 | 15 5 v | 6.5 | 1.62| 28.8] 3.2 | 3.0] 18
3 | 13,71 7.5 1l39] 3hoof 2i0 | 1.8) 19 W] 5w ] 2:0) 28.8) ba2 | 28 26
| 1%.0| 7.2| 1.08] 35:0] 107 | 1:7] 10 3 28 | 2.51| 31.2| 4.6 | Beo 28
5 | 1.2 | 7e6 | 1o08] 3501 207 | 222 11 5 | uiz | 2268] 2706 5.5 3.7 38
6 1.7 | 706 | 1030] 30| 202 | 201 16 2 [k | 20 3.8) 328 [ 54 32
7 15.6 | 7.2 1.17] 3.1} 109 | 15| o 5 1 u | 3.06] 2807) 201 | 307
8 15.6 | 7.3 1 1%3] 34.9] 2.1 9 0 L 349 | 2.62] 28,51 3.3 | 2.9
9 15.8 | 7.5 | 12 36:0) 203 | 211) 13 2 | 5.8 2:98| 53:8] 511) 227 28
10 | 16e0]| 7.6 1053] 3601) 206 | T B bo| R | 2.77| 3907) 53] 3.3 32
i1 1601 | 7.7 | 1.0 3ui0] 139 | 229] 22 ok h.g 124 33.2 2.5 | 209 22
2.8 | 3.49) 28.6] 7.0 ] 2.0 1
12 16,4 | 7.6 .81 37.5] 1.2 .9 o at; gg 2.52 30.5 ;Z ot
. 2651 29.51 7. .
13 16,4 | 7.4 | 1.30] 36.1] 2.1 | 149 9 ag gg g.g}; ggg lgg g% %g
| 1651 7.3} .79 37.4] 2.2 [ 2.8] 10 3) 2:; 32;2 g;g tg }Zg 1
: b . . 2| u. .
15 | 16.5] 7.6 ] 120 35.9) 2.2 | 7] a0 (¢ 4.7 | 2:23]:20.0] 4.6 | 2.6 30
16 16.6 | 7.3 1.w9| 36:0] 2ok | 201 16 KRR %.g 53| 23 gtz
17 | 1609 | 24] .82} 37.1] 2.3 | 1.2] o o 3.7 g:gf 58:3 Lsr:g S;’ Ed
18 17,1 | 7.6 | 1.03] 36.3] 1.6 | o 5 5 2o | 50 27.3 E:e 1.9] 25
19 | 17,4 | 7.3 7] 382l 1.1 | 0 0 il e §g§5 ¢ 5'2 3.3 3
20 1802 | 708 | 1229] 3620] 2.0 | 2.0] 20 3 | 3.1 | %e21] 29:0] 8.2 | 191 %o
21 18.7 | =-- 891 35.5| 1% | O 0 m2+ o z.lgg g'lzg l;g g(z) 32
22 18.9 | 7.7 | 1.09] 35.2] 1.8 | .8 0 w |36 | 38| 365! bs 243 %6
23 192 | 7071 10263508 200 | 12| o 3 |32 | 2068] 31.6] 4i9 | 203 30
2h | 10 | =i | 1706|3600 107 {10 o o | g.gg 2.3 65 | 23 £
25 | 19.7 | 7.4} .81|37.0]1.2 [1.4] 7 2 |43 g:g% g:g gg %i 12
26 | 201 | 7.8 .99azu|1.5|2.6] 15 3 |46 | Goas | ek g37 30| 55
27 20.3 | 7.8 | 1205 37.1| 1.6 | “o7| 40 5 | u.o Jul3d|2709) Bao [ 2e2 | %
28 21,7 | 7.5 | 1.3%] 36.5| 2.1 o8 [ a% 3.3 i.o9 36,0 é'7 2.6 ig
.9 | 4.39]28.7] 8.7 | 2.2
29 22,7 | 8.0 | 1.06 | 36.0) 1.4 | 1.2] a0 2 | 8.5 | 3:20152.5] 5.6 | 2.3 10
3 af | ug | 838|350 806 | 53 29
30 23,0 | 7.5 ] === | 3648} --- ] 9] o R S R
1 | 23.07.7]1.00]35.8}1.8]1.2] o E 13:2 330 gg:g 63 5:2 ey
32 23.1 | 8.0 | 140 36.0] 2.2 | 1.6] 17 o 1i:g 3173 gg:g Za %g 19
33 1232 |7.72]1.06]36.3]1.7 |0 10 b |88 | u7 29187 209 21
% 233|751 1032136.8] 2.0 | 1.9 19 o3 g.g 2| 0.3 6.1 | 2.k ¥
3 |23k 223 148|358 2 f13f 10 3 5.8 | 302 3o:g 5.9 | 2.1 29
3% 234 | 7.8 | 1oo1 | 3601106 |1k s R R $ 20 18
37 {236 |85 .87]35.3f 1. fo 0 2 2:2 135% 3213:% g:t gg 5‘6
a - . . . -
38 23.6 | 7.5 | 1.22{3¢.911.9 [ 1.0] o 5 | %6 | 384 129.5) 7.5 | 201 3
39 Sl BN TR B B Rl f | uis | 359 |30) 6.7 |20 39
Lo 24,8 ok .86 136.8 1.2 1.81 18 2 Lok 13,09 |30.8] 5.7 | 2.1 29
1 | 2509 | 7.8 | 1001 |3601]1:8 [ 10] o £ | 8o |2zt 260 6:0 | 20 Y
w2 | 2600 | 8.2 | 112 |36.6] 1.8 | 1.3] 16 o 3:i §:E§ 27Ig gig 5:}5 i
43 | 26.8 | 7.9 | 1.13]38.0]2.7 2.0 o o 813 5:(1)3 3:2 3:% %’5 <
27.1 ] 7.9 | 1.61 | 38.2] 2.1 | 1. 13 7| 8 Jui16|2%0] 98 18| W
AR e I R
w7 28,1 1 7.9 | B9 |37.3 A B I 3 |87 |uwi7 |3iz| 76 [ 31] -3
48 32.5 7.8 | .98 |37.8]1.5 1.1} o a; XA 283 |23 3"5 A I
l+ 32.6 [ 7.9 | w97 |39.0]1e5 | 10| o 5 |56 | 3.7% 3033 7.0 |2:0] 25
50 3207 | 7.9 | 1226 {37.8]1.9 | 1.1] o 3 |80 410|328 701 | 22 %
34,0 | 7.8 98 138.811.5 | 1.0 0 3 962 | 3495 | 4.2 6.6 | 241 28
52 3.1 | 7.8 | 1.kt 138.9]2.1 |1.3 o] 5 6.1 | 3.86 130.0] 7.3 ] 2.0 21
A el ol IR ESHE o Bl B vl Sl N R A B S
55 3%.1 | 7.7 | 1006 |36:0 106 [1.2] o v |93 | 3015 ]28:9) 602 121 30
a3 }5.3 |2.67 |30.8) 5.0 | 1.1 16

aImpaet for maximum angular acceleration,

bMaximum angular acceleration resulted from gmodel planing on waves rather than directly from
an impact.
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L-59842
(b) Details of fore—end-aft gear.

Figure 3.— Model and towing apparatus.
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hulls.
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extended afterbody .

Time, sec

(b) Basic forebody and
basic afterbody.

in smooth water.

Figure 9.~ Variation of trim, rise, and speed with time during landings
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Figure 10.- Variation in maximum and minimum trim
and rise with trim at contact, for landings in
smooth water. -
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T = 3.,2° V = 28,0 mph T = 6,0°

Bt
g i

T = 3,2° V = 30,2 mph T = 6.4°

T = 3.3° V = 32.3 mph € = 6,7° T~NACGA S
1-59838
(a) Warped forebody and (b) Basic forebody and
extended afterbody. bagic afterbody.

Figure 12.— Spray in propellers during teke—off at design gross load.

O
8e = —10°.
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3%.5 mph

T = 3‘60 '

L-59839

Figure 13.— Spray in propellers during take—off at gross load
'of 85,000 pounds (modified hull). &g = —10°.
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= - s & 5 o —NACA -~ = 5 =
\'A 36.6 mph, 3 lhO L~598’.].0 \'s )'"503 mph, T = 10.50

(a) Warped forebody and (b) Basic forebody and
extended afterbody. basic afterbody.

Figure 1b.— Spray on flaps during take—off at design gross load.
de = —10°,
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(a) Warped forebody and (b) Basic forebody and
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Figure 15.— Spray on tail surfaces during landing at design gross load.
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Figure 16.~ Variation of range of

- speed with gross load for spray
in propellers during taxying in
waves.
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Figure 17 .~ Variation of maximum positive and negative angular and maximum
;llgg{}cal accelerations with wavé length, for landings in waves Y feet
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NACA TN 1980 35
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Figure 18.~ Variation of maximum and minimum trim and rise with wave length,

for landings in waves 4 feet high.
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